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Introduction
Abietane acids are a group of phenanthrene diterpenoids which do not seem to have been the object of a recent pharmacological review. Nevertheless, they seem to merit attention, due to their varied biological activities and the folk-medicinal uses of extracts containing them as well as their toxicities and secondary effects.
The main source of abietane acids is cobphony, the distillation residue of pine resins. Directly, or after stabihzation through partial polymerization or dehydrogenation, this product is mainly used in the paints, varnishes, and coatings industries. The acid part of cobphony is composed of abietic acid (15), its equilibrium isomers levopimaric (23) , palustric (21), and neoabietic (24) acids, and dehydroabietic acid (27) , as well as some other non-abietanic compounds.
Additionally, abietane acids are components of extracts or resins from many other conifers belonging to the families Araucariaceae, Cupressaceae, Pinaceae, and Podocarpaceae, but they also occur in several Angiosperm species and, particularly, in the families Asteraceae, Celastraceae, Hydrocharitaceae, and Lamiaceae.
The skeletal structure and numbering of abietane acids are exemplified by that of abietic acid (15). It displays an equatorial carboxylic group (C-is) and two conjugated double bonds at positions 7 and i3. In other natural congeners the carboxylic group adopts the axial configuration (C- 19) or represents C-20 while the number and positions of double bonds varies from one to four and are predominantly located on ring C, giving rise to a particular type of aromatic diterpenoids commonly known as dehydroabietic derivatives. Other functionalities such as hydroxy and carbonyl groups are often present and in some substances an endoperoxide moiety can also be found. Natural abietanic acids reported in the literature (i -65) and covered by Chemical Abstracts (i967 to date) and MEDLINE (i985 to date) are arranged in Tables 1 and 2 according to the number of double bonds and/or the location of the carboxylic group in the skeleton.
Biological Activities and Uses
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Structure-activity relationship studies have been performed in the light of these findings. In the case of the activity against Gram-negative bacteria, a carboxy group at C-b is clearly necessary. The hydroxy group at position 12 seems to be a requirement for antibacterial activity against Gram-positive organisms, and is an indispensable structural requirement for antifungal activity since the 0-methyl derivatives are inactive. However, the cytotoxicity does not seem to be determined by any specific structural factor.
Comparative studies have also been conducted on the antimicrobial actions of pisiferic (48), dehydroabietic (27) , and podocarpic acids and ferruginol; the results have shown that the aromatic ring C and the isopropyl group are necessary for the Gram-positive antibacterial action. The authors also concluded that the hydroxy group ortho to the isopropyl group increases antimicrobial activity whereas a change of the carboxy group to position 4 decreases it (56) . Ahietic (15), dehydroabietic (27) , and neoabietic (24) The lipid nature of the derivatives of pisiferic acid (48) has been correlated with their antimicrobial potencies, it being concluded that the greater lipophilicity leads to higher activity against Gram-positive bacteria (Bacillus subtilis and Staphylococcus aureus) while a lower degree of lipophilicity elicits an increase in activity against Proteus vulgaris (68) .
Pisiferic acid (48), A8-dihydroabietic (1), and dehydroabietic (27) acids show antifungal properties when formulated in a fungicidal powder for use against the disease in rice caused by Pyricularia oryzae (72) . The tuberculostatic activity of dehydroabietylguanidine, active against Mycobacterium tuberculosis and some bacteria, is also interesting due to its low toxicity (73).
Antiulcer Activity
Another of the properties studied in the abietic acids is their capacity to inhibit gastric secretions, suggesting their possible use as antiulcer compounds. In a program aimed at searching for new antiulcer agents with a broad cytoprotective effect, Wada et al. (74) prepared This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
Abietane Acids: Sources, Biological Activities, and Therapeutic Uses Planta Med. 59(1993) 487 more than sixty derivatives of dehydroabietic acid (27) , introducing a hydrophilic residue (amino, carbamoyl, carbamate, ureide, sulfonyl, or sulfamoyl) on the lipophilic residue of the dehydroabietane moiety and evaluated the antisecretory and antipeptic activity. The results obtained showed that dehydroabietic acid (27) Additionally, the antipeptic activity was very high in the salts of 12-sulfodehydroabietic acid (75), suggesting that the presence of two acid functions in the molecule is a requirement for antipeptic activity to appear. These derivatives have cytoprotective properties and lack the collateral mineralocorticoid effects shown by other antiulcer agents. For this reason, several of the derivatives of 12-sulfodehydroabietic acid have been reported as being useful therapeutical and prophylactic agents in gastrointestinal disease (ulcers, gastritis) free of collateral effects and with a low degree of toxicity (76) (77) (78) (79) (80) (81) (82) . Recently, the ability of abietic acid (15) to inhibit the secretion of gastric acid caused by (Hf, K)-ATPase has been described (83) .
Cardiovascular Activities
Reports have appeared on effects of abietic (15) and dehydroabietic (27) acids on serum cholesterol levels (84) that have induced the search for hypocholesterolemic derivatives more potent than natural ones (85). Thus, the primary amides of tetrahydroabietic and A8-dihydroabietic (1) acids do not display hypocholesterolemic activity and the N-alkyl secondaries lead to increases in serum cholesterol levels, whereas the presence of benzene rings in the substituent increases the hypocholesterolemic activity to a considerable extent (86) . Additionally, the antiarrhythmic effect of N-12-(diethylamino)ethyl]dehydroabietamide is higher than that of procainamide, although it is less effective than guanidine. The antithrombotic action of abietic acid (15) has also been described (87) . 
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Dehydroabietic acid (27) , together with pcoumaric acid, have been considered the main antinicotinic substances of the oleoresin from Pinus densiflora both in vitro and in vivo (88); at a dose of 10 pg/cigarette it is able to reduce the hypertensive and tachycardic effects of tobacco arid administered intravenously it produces vasodilation, blocking the arterial constriction caused by nicotine (89) . Abietic acid (15) inhibits (Nat, Ka)-ATPase at concentrations of 25 mg/ml in a non-specific way (83) , suggesting that this acid, like other biologically active diterpenoids, could essentially elicit disorganization of the cell membrane.
Other Activities and Uses
The allergenic and antiallergic power of the acid components of resins has been debated in depth and is controversal. Abietic acid (15), considered as the classic allergen involved in contact with colophony, has been proven to be non-allergenic (90) (91) (92) and is indeed used in antiallergic formulations (93). By contrast, one product of its autooxidation, 15-hydroperoxyabietic acid and other abietanic hydroxyacids have been identified as being responsible for the allergic reactions produced by colophony (94-97). In a test on passive anaphylaxis of the skin, it has also been demonstrated that dehydroabietic (27) and A5dihydroabietic (1) acids, their salts and their esters are inhibitors of skin allergies induced by IgE (98).
The surfactant properties of abietic (15) and dehydroabietic (27) acids, their salts, and their amides with glycine and other amino acids make them useful in the softening of water (99) and they are therefore included in preparations for skin and hair treatments (100, 101) . Abietic acid (15) has also been described as the active ingredient of certain anti-dandruff shampoos (102) and it is used in the manufacture of nail varnishes and hair glossers (103). The esters of tetrahydroabietic acid are found as components of lipstick, massage creams, and other cosmetic products (104) (105) (106) (107) .
Other properties that potentiate abietic acids as therapeutic acids are filmogenic. Abietic (15) and neoabietic (24) acids in solution, aerosol, or other pharmaceutical forms are used in cases of severe burns and wounds to protect the skin against infections and parasites (108) (109) .
A mixture of resinic acids Flevopimaric (23) , neoabietic (24), palustric (21), abietic (15), and isopimaric acidsi and triglycerides has also been indicated in the treatment of chronic diseases such as rheumatism and gout (100) . The monoethylamide and diethanolamide of abietic acid are indicated as aromatizing agents (110) in chewing gum and, at high concentrations, palustric acid (21) acts as an antifeedant (98).
Toxic Effects _________________
Ahietic acid (15) is toxic for the pulmonary epithelium; it is a dose-and time-dependent toxic agent and causes the cells of the alveolar epithelium to lyze, possibly causing asthma and chronic pulmonary diseases (111).
However, the best studied toxic effects are those derived from their contamination as micropollutants of water in the paper industry. Its toxicity to Salmo gairdneri (the rainbow trout) (112) has received particular attention, and it has been observed that at concentrations above 15 mg/i dehydroabietic acid (27) causes a decrease in cellular ATP levels and in the consumption of oxygen and hence an increase in the hemolysis of erythrocytes and the development ofjaundice (113) . Studies conducted with resinic acids (114) have shown that liver RNA and protein concentrations are altered; all this involves, above certain limits, a subacute toxicity in fish exposed to the effluent of resinic acids from the paper industry. Dehydroabietic acid (27) inhibits the production of methane by Methanosaeta sp. and is the most toxic of all the benzene derivatives assayed (115) (116) .
